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Reminder

● SNP alleles can have
phenotypic outcomes:
− Association
− Selection

What about variants that 
aren’t SNPs?



Meeting #9

Structural Variants



Structural Variants

● Microsatellites

● Polymorphic inversions

● Polymorphic copy numbers
− Direct methods
− Indirect methods

● Somatic variants



Short Tandem Repeats

● 3% of the genome ; 1/2kb

TGCATATATATGGCG
ACGTATATATACCGC

TA

ACGTATATACCGC

TGCATATATATGGCG



Microsatellites

● Shorter unit than minisatellites (1 to ~10)

● Most common: (AC)n ; (AT)n

● High mutation rate (often>10-3)

● Models of variation:
− Many possible alleles

8885 86 8784 89



Microsatellite Applications

● Historically:
− maps

● Later on:
− Rarer alleles, linkage

● Today:
− Combining with SNPs



Inference of Offspring Genotypes
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Structural Variants

● Microsatellites

● Polymorphic inversions

● Polymorphic copy numbers
− Direct methods
− Indirect methods

● Somatic variants



Inversions

● Result of a rare event:
non homologous recombination

● >3 million interspersed repeats of 102-104

(transposons) take up 45% of the genome



Non-homologous Recombination



Non-homologous Recombination



Non-homologous Recombination



Non-homologous Recombination



Effects of Inversions

● Complete gene:
− Typically undisrupted

● Within a gene:
− Potential exon skipping

● Regulatory code:
− Potentially replaced



Polymorphic Inversions

● Two alleles exist; heterozygotes expected:

● Homologous recombination in the inversion:
Creates two same halves of a chromosome



Selection Against
Nonfunctional Inversions

● Heterozygote genotypes are deleterious

● sh = -rd

● In practice, selection against derived alleles

● 900kb flipped in 20% of Europeans:
− Under + selection?



LD at Polymorphic Inversions



LD at Polymorphic Inversions

● Recombination may only occur between
two carriers/noncarriers



LD at Polymorphic Inversions

● Recombination may only occur between
two carriers/noncarriers

● SNPs may tag inversion:
− Perfectly correlated
− In LD with all SNPs…
− that may recombine if

same background

● May be a blindspot
for variation
discovery



Experimental Survey of Inversions

● ~50 inversions found, few kb→2Mb

● Majority:
− In large segmental duplications

(5% of the genome)

● Weaknesses:
− Short segments
− Rare events
− In repeats

Human genome reference

Segments from an individual: 



Structural Variants

● Microsatellites

● Polymorphic inversions

● Polymorphic copy numbers
− Direct methods
− Indirect methods

● Somatic variants



Copy Number Variants



Why Should We Expect CNVs?

● Human-Chimp:
− 98.9% of aligned identical
− Only 97% aligns
− Mostly lineage-specific deletions

● Cause of birth defects, cancer

● Blindspot for sequencing



Detect DNA by Hybridization

● Probes – short, single 
strand DNA molecules

● Apply mixture to array
of probes, wash, photo

● Only probes that have
reverse-complements
light up



Comparative Genome Hybridization

● Hybridize different-color normal
and copy-loss samples

● Probes in copy-neutral regions: same signal
● Probes in copy-loss regions: 2x stronger signal



Comparative Genome Hybridization

● Hybridize different-color normal
and copy-loss samples

● Probes in copy-neutral regions: same signal
● Probes in copy-loss regions: 2x stronger signal
● Probes in copy-gain regions: 1.5x stronger signal



Recovering Copy#

● Input:
Probe intensities for both samples: {Ii }, {I’i }

● Null:
Probes distributed Normal(μi,σi

2)
● Alternative:

In particular segments
Normal(μi,σi

2), Normal(μ’i,σi
2)

where μi/μ’i ∈{ k/2 , 2/k } 



Recovering Copy#

Copy     neutral

5/2 gain

4/2 gain

3/2 gain

1/2 loss

1/2 loss

3/2 gain

4/2 gain

5/2 gain

genome



Detection of CNVs

● Alltogether: ~400 large CNVs (total > 100Mb)

● Weaknesses: medium/short, rare



Structural Variants

● Microsatellites

● Polymorphic inversions

● Polymorphic copy numbers
− Direct methods
− Indirect methods

● Somatic variants



Genotyping & Repeats

● Example:
− Suppose typing a A/G SNP x 30 samples gives:

25 samples: Het AG 
2 samples: No call
2 samples: AA
1 samples: GG

− Not a SNP. Fixed difference between duplicons.
− High error rate!



Genotyping & Repeats

● Fixed differences between fixed copies

● SNP in one copy:
True genotype Observed call

AA “AA”

AG “AG” or no-call

GG “AG”

“GG” - never

A/G G



Genotyping & Repeats

● Fixed differences between fixed copies

● SNP in one copy

● Polymorphic copy-#
− Can use probes for SNPs as copy# probes



Polymorphic Deletion

● Suppose typing a A/C SNP x 30 trios gives:
− Parents: 30 “AA”, 15 “AC”, 11 “AA”
− 4 Parent “No Calls”, w/ homozygous kids 
− 2 offspring “No Calls”, w/ homozygous parents
− 4 Mendel violations w/ homozygous transmissions

“AA”

“CC”

C,-

A,-



SNPs in Polymorphic Deletions

● Excess homozygosity
● Poor call rate
● Homozygous Mendel violations
● Sequence of SNPs with:

− Similar problems
− Same faulty transmissions

and genotypes
“AA”
“CC”
“AA”
“CC”

“CC”
“CC”
“CC”
“AA”

CCCA ,----

ACAC,----



Mining Deleted Segments

● Heuristic filtering:
− Scan millions of SNPs for:

● Violations with null p<~10-6

● 2+ nearby violations with p<~10-2, same samples

● Exact scoring:
− Likelihood of a deletion present



Likelihood of Deleted Segments

● Null: Haplotype pairs w/ errors
Use EM.

● Alternative:

h1:   A T C C A
h2:  G G C C T
h3:   G T G T T
h4:  A G C C T
h5:  A G G C T

P1
P2
P3
P4
P5

h1:   A T C C A
h2:  G G C C T
h3:   G T G T T
h4:  A G C C T
h5:  A G G C T
h-:   G - - - A

P1
P2
P3
P4
P5
P-



Polymorphic Human Deletions

● ~1000 deletions x <100bp→ ~MB

● Total:
~15Mb

● Typically
− Tagged by a SNP/haplotype



Structural Variants

● Microsatellites

● Polymorphic inversions

● Polymorphic copy numbers
− Direct methods
− Indirect methods

● Somatic variants



Cancer

● Abnormal, uncontrolled division
of a cell into a tumor

● Genetic illness of a cell & its descendants

● Lineage accumulates mutations and structural 
genetic changes

● Key functional changes:
+ Growth
- DNA repair
- Mortality
+ Blood supply
+ Mobility



Mapping Somatic Changes

● CGH of tumor vs. normal tissue

● Detects recurrent copy# gains/losses,
within/across cancer types

● Ideally: resequence.



The Cancer Genome Atlas

● Pilot: 2005-8
− Copy numbers
− Expression
− Sequencing of oncogenes, tumor-suppressors…
− Multiple technologies, cancers

● Full project:
− Whole genome sequencing?



Summary

● Structural variants:
− Span more than SNPs
− More sever change
− May have been overlooked due to technology
− Directly relevant to cancer
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Extra Credit

1. Look at the HapMap genotypes 
for rs10914658 and figure out 
what’s wrong.

2. Half a million 40kb segments are 
taken uniformly from 10 
individuals, and their ends of 
500bp are mapped onto the 
genome reference of a single 
individual. What are the chances 
of missing a 10%, 2kb inversion?



Project Suggestion

● Systematically look for polymorphic 
inversions using:
− the HapMap data
− Sequences from the human genome sequencing
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